Chick embryo lethal orphan virus induced both T and virus capsid antigens during cytolytic infection of chick kidney cells. The T antigen was produced relatively early, 8 or 9 hr after infection, while virus capsid antigen was first detected after I5 to I6 hr. The T antigen appeared as a fine granular fluorescence and also as small blobs confined to the cell nucleus. T antigen was detected in virus-infected hamster, mouse and human cells, but was present in very few cells compared with chick kidney monolayers, where almost all cells contained antigen. The virus capsid antigen had a more complex morphology, with fluorescing spots and blobs in the nucleus; it was also detected as a diffuse fluorescence in the cytoplasm later in infection. The production of virus capsid antigen in chick kidney cells was partially inhibited by cytosine arabinoside (ioo/zg./ml.) or 5-fluoro-fdeoxyuridine (3o #g./ml.). These inhibitors of DNA viruses had no effect on the production of virus-induced T antigen in chick kidney cells.
INTRODUCTION
Chick embryo lethal orphan virus is a DNA-containing virus which produces tumours in hamsters (Sarma, Huebner & Lane, I965) . In common with other oncogenic DNA viruses, such as simian virus SV 4o (Black et al. I963) and polyoma (Habel, I965) , and adenoviruses of human, monkey, cattle, canine and mouse origin (Huebner, 1967) , cells transformed by chick embryo lethal orphan virus possess a specific tumour antigen demonstrable by complement-fixation and immunofluorescence tests (Potter & Oxford, I969) . Anderson et al. 0969) also demonstrated by immunofluorescence studies the tumour antigen as particles in the nuclei of hamster cells transformed by chick embryo lethal orphan virus.
Our communication describes the development and localization of T antigen induced by chick embryo lethal orphan virus in cells from a number of mammals. In addition, the time of occurrence and the appearance of chick embryo lethal orphan virus capsid (V) and T antigens during cytolytic infection of chick kidney cells was investigated by immunofluorescence. The study was undertaken to clarify further the possible relationship of chick embryo lethal orphan virus to the adenovirus group, and to investigate the potential of the virus as a model for studies of oncogenesis by viruses.
J.S. OXFORD AND C. W. POTTER METHODS
Viruses. The PHELPS strain of chick embryo lethal orphan virus (Petek, Felloga & Zolletto, t963) was used to inoculate the allantoic cavity of 7-day chick embryos. After 3 days incubation at 36° the allantoic fluids were harvested, pooled and stored at -80 °. This stock virus pool had a titre of ~o 8"~ TCD 5o/ml. in tissue cultures of chick kidney cells (Oxford & Potter, I969) . For the preparation of specific antisera and for use as an antigen in complementfixation tests, chick embryo lethal orphan virus was partially purified by two extractions with Arcton I ~3 (I.C.I. Ltd, Alderley Park, Macclesfield) as described by Epstein (I958) , and concentrated tenfold using a Diaflo ultrafiltration apparatus with a UM-lo membrane (Amicon Corporation, Lexington, Mass.) and a positive pressure of t '75 kg./cm.~ (Blatt et al. I967) .
Adenovirus type 5 was prepared from Hep-2 cell monolayers infected with 1 to io TCD 5o/cell of a virus pool grown in human embryo kidney cells, and incubated for 24 hr. For use both as a source of adenovirus hexon antigen in complement-fixation tests and as an antigen for the preparation of rabbit antiserum to adenovirus type 5, the cell maintenance medium was removed and the cell monolayer washed with phosphate-buffered saline (PBS) and frozen and thawed twice (-80°/22°). The cells were suspended in PBS to onetenth of the original volume of maintenance medium, centrifuged at 2ooog for 2o rain. and the supernatant fluid stored at -8o °.
Preparation of sera. Weanling hamsters were inoculated subcutaneously with io 4 cells from the 51 st in vitro passage of a tissue culture line established from a subcutaneous hamster tumour induced by chick embryo lethal orphan virus (CELO tumours). A single serum pool was obtained from hamsters bearing CELO tumours > 50 mm. in diameter; it constituted the antiserum to CELO tumour. The titre of CELO tumour antibody in the serum was I/4o when tested against 4 complement-fixing (CF) units of CELO turnout antigen. No virusneutralizing antibody was detected when this serum pool was tested at a dilution of I/8 against IOO TCD5o of virus. In addition, the serum diluted t/8 gave no reaction in complement-fixation tests versus 4 CF units of capsid antigen of chick embryo lethal orphan virus.
Antisera against the capsid antigens of chick embryo lethal orphan virus were prepared by immunizing adult New Zealand white rabbits with three intramuscular doses, at Io-day intervals, of a mixture of o'25 ml. of partially purified chick embryo lethal orphan virus and o'25 ml. of Freund's complete adjuvant. The rabbits were bled 4 weeks after the last dose of virus. The serum used in this study had a CF titre of I/I6O when tested with 4 units of chick embryo lethal orphan virus antigen. When diluted 1/2 the rabbit serum gave no reaction in the indirect immunofluorescence test with chick embryo lethal orphan hamster tumour cells, which indicated the absence of CELO tumour antibody in the serum.
Adenovirus type 5 antiserum was prepared by immunizing a rabbit with three intramuscular injections of virus at weekly intervals. The rabbit was bled 3 weeks after the last injection.
Cell cultures. Rabbit, mouse and hamster embryos were minced, trypsinized and established as monolayers. Cells were prepared from human foetuses of approximately 3 months gestation. Chick kidney cells were obtained from 7-day-old chicks (Oxford & Potter, 1969) . Cells were grown in Eagle's basal medium containing lo % heat-inactivated calf serum and o'44 g./1. NaHCOz, and were maintained in the same medium but with the substitution of 2 % heat-inactivated calf serum. Cells were grown on coverslips in 6o ram. plastic Petri dishes in a C02 incubator (95 ~ air:5 ,% CO~) at 36°.
Continuous rabbit kidney cells (RK I3) were grown in 'mixture 199', containing Io heat-inactivated calf serum.
Infection of coverslip cultures with viruses. Cells were infected with chick embryo lethal orphan virus, diluted in maintenance medium, and the virus Mlowed to adsorb for 2 hr at 36°. Unadsorbed virus was removed by two washings in Hanks's saline and the cells reincubated in maintenance medium in the CO~ incubator.
Immunofluorescence technique. Cells infected with chick embryo lethal orphan virus were washed free of medium by rinsing them in PBS. They were then dried in air for I5 min. at 36 °, followed by rinsing in ethanol, methanol, carbon tetrachloride or acetone at room temperature for 2 rain. The shape of the fluorescence was similar with each fixative, but optimum brightness with preservation of cell structure was obtained with acetone; coverslip cultures were therefore fixed by rinsing them for I min. at room temperature in two changes of acetone Analar (British Drug Houses, Poole, Dorset) and then stored in acetone at -2o ° for periods up to I month. The indirect immunofluorescence technique was used with hamster or rabbit antisera diluted 1/5 and the appropriate fluorescein conjugate (Nordic Laboratories, Tilburg, the Netherlands)diluted I/8. The preparations were viewed with a Gillet and Sibert Conference microscope under illumination from an iodine-quartz source using a G.S. 3o/o65 primary filter. The percentages of fluorescing cells were determined as described previously (Oxford & Schild, 1968) . The specificity of the immunofluorescence was controlled by testing uninfected cells, by using sera from control unimmunized animals and by omitting the intermediate serum in some tests. No antigen was visualized by immunofluorescence in any of these controls.
Complement-fixation tests were performed as described previously (Potter & Oxford, 1969) .
Chemicals. 5-fluoro-z'-deoxyuridine (FUDR) kindly supplied by Dr I. Lenox-Smith, Roche Products Ltd, Welwyn Garden City, Hertfordshire, and cytosine arabinoside hydrochloride (CA) (Koch Light Ltd, Colnbrook, Buckinghamshire) were stored in the dark at -20 ° as i mg./mt, solutions in Eagle's medium. The compounds were diluted in maintenance medium to give the required concentration for treatment of cells.
RESULTS
We first studied the relationship between virus dose and the induction of chick embryo lethal orphan virus T or virus capsid antigens. Chick kidney monolayers grown on coverslips were infected with a series of tenfold dilutions of chick embryo lethal orphan virus. Coverslip cultures were harvested at hourly intervals from 8 to 26 hr, fixed in acetone and tested for fluorescence, using a rabbit antiserum to detect virus capsid antigens, or sera from hamsters bearing transplanted CELt tumours to detect T antigen. When cells were infected with either I or Io TCD5o/cell of chick embryo lethal orphan virus and harvested after 26 hr, approximately equal numbers of cells showed nuclear virus capsid and T antigen (Table I) . Relatively high doses of virus, lO 3 TCD 5t/cell or greater, were required to infect and initiate antigen production in the majority of chick kidney cells.
Time of appearance of chick embryo lethal orphan virus T and V antigens during cytolytic infection CELO virus capsid antigen. In three experiments virus capsid antigen was first detected
at I5 to ~6 hr in a small proportion of cells as a fine granular nuclear fluorescence (Fig. I ). Cells were infected initially with io ~ TCD5o/cell of chick embryo lethal orphan virus. In one experiment antigen was detected I3 hr after infection. By I8 hr the nuclear fluorescence had increased in brightness, and, in addition to the fine, nuclear fluorescence, a proportion of the cells (5 %) showed bright fluorescent blobs in the nucleus (Fig. 2) . Many fluorescing nuclei were surrounded by a dark non-fluorescing halo which separated the nucleus from the cell cytoplasm. Some cells with marked nuclear fluorescence at 18 hr also had relatively weak fluorescence which was evenly distributed in the cytoplasm. After a6 hr incubation many nuclei had a more irregular shape with a brightly fluorescent and ragged edge. Virus cytopathic effects became more apparent after this and complicated the further interpretation of specific fluorescence. In other experiments the virus-infected chick kidney cell monolayers were reacted in the indirect immunofluorescence test with two separate rabbit antisera to chick embryo lethal orphan virus, with identical results. T antigen induced by chick embryo lethal orphan virus. T antigen induced by chick embryo lethal orphan virus was first detected as weak, finely granular nuclear fluorescence in a small proportion of cells 8 to 9 hr after infection (Fig. I ). Cells were infected with Io a TCD5o/cell of chick embryo lethal orphan virus. The percentage of cells fluorescing then increased rapidly to reach a maximum after 12 hr incubation. After I l to I2 hr the nuclear fluorescence had increased in intensity, and in a proportion of the cells (approximately Io %) small, brightly fluorescing blobs were observed in the nucleus, in addition to the more finely granular fluorescence (Fig. 3) -No cytoplasmic fluorescence was detected at any stage. The 
Production ofT and virus capsid antigens by chick embryo lethal orphan virus in different mammalian cell types
Coverslip cultures of cells established from the embryos of a number of mammalian species were infected with approximately io a TCD5o/cell of chick embryo lethal orphan virus and harvested at 24 hr intervals (Table 2) . T antigen was detected in a greater proportion of infected chick kidney cells (9o to ~oo %) and RK 13 cells (50 %) than in the other cells tested, although the appearance of T antigen as bright, finely granular fluorescence was similar in the different types of cell. However, the rabbit and chick kidney cell monolayers were composed predominantly of epithelial cells, whilst fibroblasts predominated in cells from the other species. Comparable monolayers of RK x 3 and mouse fibroblast cells, in which 5o'o and 1.8 % respectively of cells had been shown to fluoresce with T antigen, were stained for chick embryo lethal orphan virus capsid antigen. No cells were detected with virus capsid antigen fluorescence, suggesting an abortive cycle of infection with chick embryo lethal orphan virus in these cells.
To determine the effect of the time of harvesting on the morphology and quantity of T antigen produced, human fibroblasts established from a skin biopsy of an adult male were infected with io a TCD 5o/cell of chick embryo lethal orphan virus and harvested at periods up to 5 days (Table 2) . T antigen was detected in a small proportion of cells (o. 1%) at 24 hr. The percentage of cells showing T antigen fluorescence in the nucleus subsequently increased to a maximum of 3"o % at 3 days, but the morphology of the nuclear fluorescence remained unchanged. 
Effects of inhibitors of DNA viruses on the development of T and virus capsid antigens induced by chick embryo lethal orphan virus
Chick kidney monolayers on coverslips were incubated for 24 hr with cell maintenance medium containing 3o/~g./ml. 5-fluoro-z'-deoxyuridine or IOO #g./ml. cytosine arabinoside, and then infected with lO 4 or IO a TCD5o/cell of chick embryo lethal orphan virus. After adsorption, residual virus was removed by washing with Hanks's saline and the cells reincubated in maintenance medium containing the inhibitors. At these concentrations neither cytosine arabinoside nor 5-fluoro-z'-deoxyuridine had any detectable inhibitory effect on the synthesis of T antigen in these cells after 24 hr incubation (Table 3 ). The percentage of cells fluorescing (9 ° to loo %) was comparable to that in control infected cultures incubated in normal maintenance medium. In contrast, cytosine arabinoside markedly reduced the incidence, but did not completely prevent the occurrence of cells with detectable virus capsid antigen. A similar inhibitory effect was noted in cells treated with 5-fluoro-a'-deoxyuridine and infected with I o 3 TCD 5o of virus/cell, although this compound at a concentration of 3o #g./ml. did not inhibit virus capsid antigen production in cells infected with larger doses of virus. 
Absence of antigenic relationship of'T and virus capsid antigens of chick embryo lethal orphan virus with adenovirus antigens
Complement-fixation (Table 4 ) and immunofluorescence tests failed to demonstrate any antigenic relationship between capsid antigens of chick embryo lethal orphan virus and the adenovirus hexon antigen. Previous studies by complement fixation (Potter & Oxford, I969) indicated the specificity of CELO tumour antigen and failed to detect any relationship with either adenovirus type I2 or SV 40 tumour antigens. In this study chick kidney cells infected with chick embryo lethal orphan virus harvested at different times between I2 and 24 hr after infection, and also cells from a transplanted CELO tumour in a hamster, were tested by indirect immunofluorescence with I/2 dilutions of sera from hamsters bearing transplanted adenovirus type 12 or SV 4 ° tumours. No fluorescence was detected, although I/8 dilutions of the sera produced bright fluorescence in homologous tumour cell preparatons. Simiilarly, sera from hamsters bearing transplanted CELO tumours failed to show fluorescence when tested at I/2 dilutions against adenovirus type I2 or SV 4 ° tumour cells.
DISCUSSION
We detected the T antigen induced by chick embryo lethal orphan virus in chick kidney cells 8 to 9 hr after infection. The T antigen of adenovirus type 12 was detected by complement fixation as early as 4 hr after infection of cultures with 48 TCD5o/cell, the T antigen of SV 4 ° not until 24 hr after infection with 35 TCD5o/cell (Hoggan et al. 1965 ). The appearance of T antigen induced by chick embryo lethal orphan virus was different from the fibrils in the cytoplasm and nucleus reported by Pope & Rowe (1964b) for adenovirus type IzT antigen and from the finely granular nuclear fluorescence for the T antigen of SV 4o (Pope & Rowe, I964a ) .
Virus capsid antigen induced by chick embryo lethal orphan virus was first detected 15 to 16 hr after infection of chick kidney cells with a high multiplicity of virus, and in one experiment antigen was detected after 13 hr incubation. Although no antibody to chick embryo lethal orphan virus T antigen was detectable in the rabbit antisera used in the present study, the possibility that such sera contained antibody to other hypothetical non-structural virus antigens cannot be excluded. In previous studies with chick kidney cells infected at a multiplicity of I or o-oI TCD5o/cell with chick embryo lethal orphan virus, fresh infective virus was detected in frozen and thawed cells after I2 or 24 hr incubation respectively (Oxford & Potter, I969) . The time of appearance of chick embryo lethal orphan virus antigens was dependent therefore on the multiplicity of infection. Kawamura et al. (1963) detected intracellular chick embryo lethal orphan virus in chick kidney cells I2 to 14 hr after infection and extracellular virus at 22 hr. Hexon antigen of adenovirus type 5 can be detected in the nucleus of human embryonic kidney cells i2 hr after infection with a virus multiplicity of 500 (Hayashi & Russell, 1968) . The relatively long time of 6 to 7 hr between the time of appearance of the T and virus capsid antigens induced by chick embryo lethal orphan virus may allow the isolation and characterization of relatively pure T antigen uncontaminated with virus capsid antigen. Incorporation of cytosine arabinoside in the medium would further reduce contamination with virus capsid antigen. Rapp et al. (1965) noted that IO #g./ml. of cytosine arabinoside completely inhibited the production of SV 4 o virus capsid antigen, but that inhibition by 50 #g./ml. of 5-fluoro-2'-deoxyuridine was incomplete unless the cells were 'starved' before virus infection.
Kawamura & Tsubahara (r 963) demonstrated a partial antigen relationship between chick embryo lethal orphan virus and the avian adenovirus GAL, using complement fixation and diffusion in gel tests. The adenovirus group antigen has not been described for GAL virus, however (Andrewes & Pereira, 1967) . We found no evidence for a common soluble group antigen between adenovirus types 5 and I2 and chick embryo lethal orphan virus using immunofluorescence or complement-fixation tests. However, the morphological, physical and chemical properties of chick embryo lethal orphan virus (Andrewes & Pereira, I967) indicate the close similarity of this virus to members of the adenovirus group. Milligram quantities of highly purified chick embryo lethal orphan virus may be prepared fairly easily (Potter, Oxford & Downie, in preparation) . This virus therefore seems suitable for more detailed studies of oncogenesis by DNA-containing viruses. We are studying the transforma-tion of human cells by chick embryo lethal orphan virus and attempting to isolate and characterize T antigen induced by the virus.
